The major finding of our study is that ethanol consumption down-regulates both MAPK and MMP pathways in the rat CSM, while it increases the circulating levels of MMP-9.
. Several studies have established a positive relationship between ED and ethanol consumption (Grinshpoon et al. 2007; Ponizovsky 2008) , but the mechanisms underlying ethanol-induced ED are not fully understood. Recently, we provided evidence that chronic ethanol consumption decreased intracavernosal pressure in rats (Muniz et al. 2015a ). This response was accompanied by increased levels of circulating endothelin (ET)-1, increased generation of reactive oxygen species (ROS) and increased expression of ET-1 and ET A receptors in the rat cavernosal smooth muscle (CSM) (Muniz et al. 2015a ; Leite et al. 2013 ).
Additionally, previous findings from our laboratory showed that ethanol consumption decreased the relaxation induced by acetylcholine and increased the contractility of the rat CSM to both ET-1 and electrical field stimulation (Muniz et al. 2015a; Lizarte et al. 2009 ). Therefore, changes in CSM reactivity could play a role in ethanol-induced ED.
Mitogen-activated protein kinases (MAPK) are a family of serine/threonine kinases and the following members of the MAPK family are the best characterized: extracellular signal-regulated kinases (ERK1/2), p38MAPK, and stress-activated protein kinase/c-Jun N-terminal kinases (SAPK/JNK) (Pearson et al. 2001) . MAPK are redoxsensitive proteins, which are described to play a role in distinctive cellular events such as apoptosis, cell differentiation, contraction and matrix remodeling (Pearson et al. 2001; Kwon et al. 2003) . Activation of the MAPK pathway is associated with hypertension-and aging-induced ED (Carneiro et al. 2008; Castela et al. 2011 ).
Modulation of the MAPK signaling pathway by ethanol is cell-specific and is related to the dose of ethanol and the period of treatment with ethanol (Aroor and Shukla 2004) .
In this sense, ethanol is described to alter the expression and/or phosphorylation of D r a f t 4 MAPK, leading to the activation or inhibition of these kinases (Aroor and Shukla 2004; Sachinidis et al. 1999; Passaglia et al. 2015; Marchi et al. 2016) . However, the effect of chronic ethanol consumption on the MAPK pathway in the CSM and the contribution of this response to CSM contraction are unknown.
Metalloproteinases (MMP) are a family of zinc-dependent proteinases that degrade proteins of the extracellular matrix (Visse and Nagase 2003) . are the main MMP involved in tissue/vascular remodeling and for this reason are associated with several cardiovascular diseases (Belo et al. 2015) . Physiologically, MMP are inhibited by the tissue inhibitors of MMP (TIMP). TIMP-1 and -2 inhibit MMP-9 and MMP-2, respectively, and disruption of the balance between MMP and their inhibition by TIMP may result in tissue remodeling (Nagase and Brew 2003; Brew and Nagase 2010) . Long-term ethanol consumption increases MMP-2 activity in the kidney and aorta (Partridge et al. 1999; Tirapelli et al. 2012b) , and it is also associated with increased levels of circulating MMP-9 (Sillanaukee et al. 2002) . MMP are expressed in the CSM (Sirad et al. 201) , but the effect of ethanol consumption in MMP activity or expression in this tissue remains elusive.
While there are reports describing that ethanol modulate both MAPK and MMP pathways, the effect of ethanol on these redox-sensitive pathways in the CSM remains elusive. Here, we investigated the effects of ethanol consumption on components of the MAPK pathway and the contribution of MAPK to ethanol-induced hyper-contractility of the CSM to ET-1. The effects of ethanol consumption on the MMP pathway in the CSM and plasma were also investigated.
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Materials and Methods
Experimental design
Male Wistar rats were purchased from the animal facility of the Campus of Ribeirao Preto, University of São Paulo, Ribeirão Preto, Brazil. The rats, initially weighing 260-300 g (50-70 days old), were randomly divided into two groups: control and ethanol. Rats from the control group had access to filtered water ad libitum, while animals from the ethanol group had free access to ethanol 20% (vol./vol.) as described previously (Muniz et al. 2015a; Leite et al. 2013) . Ethanol-treated rats were submitted to a three-week period of adaptation in which increasing concentrations of ethanol were provided as follows: 5, 10 and 20% of ethanol in the first, second and third week, respectively. After adaptation, rats were treated for six weeks with ethanol 20%. The animals were cared for in accordance with the Guide to the Care and Use of Experimental Animals from Canadian Council on Animal Care (CCAC). All protocols were approved by the Animal Ethics Committee of the University of São PauloCampus of Ribeirão Preto (#12.1.317.53.9).
Quantitative real-time polymerase chain reaction
Quantitative analysis of the genes of interest was performed in the rat CSM as previously described (Leite et al. 2013 ). The following genes were analyzed: MMP-2 (Rn0153817_m1), MMP-9 (Rn00579162_m1), p38MAPK (Rn00578842_m1), SAPK/JNK (Rn00588007_m1) and ERK1/2 (Rn00569058_m1). Reactions were carried out in duplicate and analyzed with a StepOne Plus Real Time PCR machine (Applied Biosystems, Carlsbad, CA, USA). A relative quantification was performed using the 2 −∆∆Ct method. The GAPDH gene (Rn 01775763) was used as the housekeeping gene and a group of eight control animals as calibrators.
Western immunoblotting
Preparation of the samples and separation of the proteins were performed as previously described (Muniz et al. 2015a; Leite et al. 2013 
Gelatin zymography for detection of MMP-9 and MMP-2
Gelatin zymography was performed for detection of MMP-9 and MMP-2 in plasma and CSM samples as previously described (Sirad et al. 2011) . Gelatinolytic activity was determined as unstained bands against a blue stained background. The 
Determination of MMP and TIMP levels in plasma
Plasma levels of MMP-9, MMP-2, TIMP-1 and TIMP-2 were measured by enzyme-linked immunosorbent assay (ELISA) using the following commercially available kits: rat MMP-9 (E90553Ra, USCNLIFE, China), rat MMP-2 (E90100Ra, 
Determination of gelatinolytic activity in the rat CSM
Gelatinolytic activity was determined fluorometrically using dye-quenched (DQ)-gelatin as a substrate. The rat CSM was vertically embedded in Tissue-tek ® and sectioned transversely (10-µm-thick slices). The slices were incubated with DQ-gelatin (E12055, Molecular Probes, OR, USA) at a concentration of 1 mg/ml in Tris-CaCl 2 buffer (Tris 50 mM, CaCl 2 10 mM and ZnCl 2 1 mM) for 60 min, and then washed 3 times with cold phosphate buffered saline (PBS, pH 7.4). Sections were examined by fluorescence microscopy (Axio Vert A1, Carl Zeiss, Jena, Germany). Wavelengths of excitation and emission were 480 and 510 nm, respectively. The images were captured at ×400 and analyzed using the program ImageJ (National Institutes of Health, USA) (Rizzi et al. 2014) . Results are expressed as arbitrary units.
Functional studies
The rat CSM was isolated and mounted in 5-ml organ chambers as previously described (Muniz et al. 2015a; Leite et al. 2013 ). The strips were stretched until they 
Statistical analysis
Statistical analysis was performed using the program GraphPad Prism® 5.01
(GraphPad Software Inc., San Diego, CA, USA). Data are presented as the means ± standard error of the mean (S.E.M.). Results were compared using Student's t test or one-way analysis of variance (ANOVA) followed by Bonferroni's comparison test.
Results of statistical tests with P<0.05 were considered as significant.
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Results
Effects of chronic ethanol consumption on mRNA levels and protein expression of MAPK and MMP in the rat CSM
Chronic ethanol consumption did not alter mRNA levels of p38MAPK, SAPK/JNK, ERK1/2, MMP-9 or MMP-2 (Table 1) . Decreased expression of p38MAPK was detected in the CSM from ethanol-treated rats, when compared to control ones (Fig. 1A) . On the other hand, treatment with ethanol did not alter the expression of SAPK/JNK or ERK1/2 ( Fig. 1C and E) . CSM from ethanol-treated rats displayed decreased SAPK/JNK phosphorylation, when compared with control ones (Fig. 1D ). Treatment with ethanol did not affect p38MAPK or ERK1/2 phosphorylation in the rat CSM ( Fig. 1B and F) .
Treatment with ethanol did not alter MMP-9 expression in the rat CSM ( Fig.   2A ). Protein expression of MMP-2 was decreased in the CSM from ethanol-treated rats, when compared with control ones (Fig. 2B ). On the other hand, the protein expression of TIMP-1 and TIMP-2 was not affected by ethanol consumption (Fig. 2C and D) .
Treatment with ethanol did not affect MMP-9/TIMP-1 ratio, but increased MMP-2/TIMP-2 ratio in the rat CSM ( Fig. 2E and F) .
Effects of chronic ethanol consumption in the rat CSM reactivity to ET-1
Ethanol consumption increased the contractile response to ET-1 in the rat CSM (Table 2) . SP600125 was used to evaluate the role of SAPK/JNK in ethanol-induced hyper-contractility of the rat CSM to ET-1. SP600125 reduced the contractile response to ET-1 in the CSM from ethanol-treated rats (Table 2 ). In order to evaluate the involvement of p38MAPK and ERK1/2 in the hyper-contractility to ET-1, the rat CSM was incubated with SB203580 and PD98059, respectively. Our results show that neither SB203580 nor PD98059 affected ET-1-induced contraction in the CSM from ethanol-D r a f t treated rats (Table 2 ). No differences in pD 2 values were found among experimental groups ( Table 2) .
Effects of chronic ethanol consumption in MMP activity in the rat CSM
Treatment with ethanol did not alter the net MMP activity in the rat CSM ( Fig.   3A and B) . On the other hand, chronic ethanol consumption decreased the activity of MMP-2 in the rat CSM ( Fig. 3C and D) .
Effects of chronic ethanol consumption in MMP levels and activity in the rat plasma
Treatment with ethanol increased plasma levels of both MMP-9 and MMP-2 ( Fig. 4A and B ). No differences in plasma TIMP-1 levels were observed after treatment with ethanol (Fig. 4C) . However, increased plasma levels of TIMP-2 were detected after treatment with ethanol ( Fig. 4D) . Treatment with ethanol increased MMP-9/TIMP-1 ratio, whereas no change in MMP-2/TIMP-2 ratio was detected in the plasma from ethanol-treated rats ( Fig. 4E and F) . Finally, ethanol consumption did not alter the activity of MMP-9 or MMP-2 in the rat plasma ( Fig. 5A and B ).
Discussion
Our findings show that ethanol consumption did not affect mRNA levels of p38MAPK, but decreased its expression in the rat CSM, suggesting that ethanol affected p38MAPK expression at a post-transcriptional level. This result is in accordance with previous findings in the vasculature where ethanol consumption was found to modulate protein expression at a post-transcriptional level (Tirapelli et al. 2006a; Tirapelli et al. 2008b ). The exact cellular/functional meaning of the reduction of p38MAPK expression induced by ethanol in the rat CSM is not well understood. In fact, down-regulation of the MAPK pathway is a compensatory mechanism in some conditions such as hypertension (Kim et al. 2004 ). Importantly, we have described that D r a f t ethanol consumption increased both blood pressure and CSM reactivity, while it decreased the intracavernosal pressure (Muniz et al. 2015a; Leite et al. 2013; Lizarte et al. 2009; Passaglia et al. 2015) . Thus, the reduced p38MAPK expression here described may be an intrinsic adaptive response to ethanol-induced increase on CSM reactivity and blood pressure.
The present findings show that CSM from ethanol-treated rats displayed decreased SAPK/JNK phosphorylation, while phosphorylation of both ERK1/2 and MEK4/7 is responsible for the phosphorylation of SAPK/JNK, while MEK1/2 and MEK3/6 phosphorylates ERK1/2 and p38MAPK, respectively (Pearson et al. 2001 ).
Thus, the distinctive effect of ethanol on MAPK phosphorylation in the rat CSM may be the result of the complex signaling networks that underlie MAPK activation, which requires MAPK phosphorylation by different members of the MEK family.
MAPK regulate the Ca 2+ -independent contraction induced by ET-1 in distinctive tissues (Pollock et al. 1995) . Our functional results showed that ethanol consumption increased ET-1-induced contraction in the rat CSM, which is in line with previous reports (Muniz et al. 2015a; Leite et al. 2013 ). SP600125 reversed the increased reactivity of the CSM to ET-1, suggesting a role for SAPK/JNK in such response.
Although SP600125 reversed the hyper-reactivity to ET-1 induced by ethanol, treatment with ethanol paradoxically decreased SAPK/JNK phosphorylation. However, it is important to note that our results show the phosphorylation of SAPK/JNK in basal conditions and not the phosphorylation triggered by ET-1.
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Ethanol consumption is described to modulate the expression and activity of MMP in distinctive tissues (Partridge et al. 1999; Sillanaukee et al. 2002) . The present findings first demonstrated that ethanol consumption did not change mRNA levels of MMP-2 or MMP-9, but it decreased the expression and activity of MMP-2 in the rat CSM. These results suggested that ethanol consumption decreased MMP-2 expression at a post-transcriptional level. MMP are regulated by TIMP (Nagase and Brew 2003) , and disruption of the balance between MMP and their inhibition by TIMP may result in tissue remodeling (Brew and Nagase 2010) . For this reason MMP/TIMP ratio is considered to be a better parameter to evaluate MMP actions than MMP expression/dosage (Muniz et al. 2012b) . We found that ethanol consumption did not change TIMP-1 and TIMP-2 expression in the rat CSM. Thus, while MMP-9/TIMP-1 ratio was not affected by ethanol a decreased MMP-2/TIMP-2 ratio was detected in the CSM from ethanol-treated rats.
The net MMP activity in the rat CSM was not affected by ethanol, which is in accordance with previous findings in the mesenteric arterial bed (Rocha et al. 2012 ).
However, treatment with ethanol decreased MMP-2 activity in the rat CSM. This finding contrasts previous results describing that ethanol did not change MMP-2 activity in the rat liver and mesenteric arterial bed (Rocha et al. 2012; Tirapelli et al. 2011a) , and increased MMP-2 activity in the rat kidney (Sillanaukee et al. 2002) . Based on such observations, we concluded that the effects of ethanol on MMP activity are tissuespecific. Another point that could explain these discrepancies is the period of treatment with ethanol. For example, Partridge et al. (1999) observed an increase on MMP-2 activity in aortas of rats treated with ethanol 35% for 72 weeks, while we have previously found that treatment for 6 weeks with ethanol 20% did not alter MMP-2 activity in the rat aorta (Hipólito et al. 2011 ).
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Circulating MMP are used as biomarkers in a variety of pathological conditions, including ED (Muniz et al. 2012b ). Our findings show that ethanol consumption increased MMP-9 levels without affecting its activity. This result is in line with a previous study showing increased circulating levels of MMP-9 in alcoholic individuals (Sillanaukee et al. 2002) . Moreover, ethanol did not change plasma TIMP-1 levels, which is a physiological inhibitor of MMP-9. Treatment with ethanol also increased plasma MMP-2 levels. However, we must be aware of the fact that increased TIMP-2 levels were also detected after ethanol treatment. In this sense, despite the increase in MMP-2 levels, no difference on MMP-2/TIMP-2 ratio was observed.
Using this model of ethanol treatment we have previously found blood ethanol levels in the range of 35-40 mM (Muniz et al. 2015a; Leite et al. 2013) . Thus, the present findings are of physiological significance since similar blood ethanol concentrations are described in alcoholic individuals (Urso et al. 1981 ).
The major finding of our study is that ethanol consumption down-regulates both MAPK and MMP pathways in the rat CSM, while it increases the circulating levels of MMP-9. Additionally, we found that SAPK/JNK plays a role in ethanol-induced increase on ET-1 contraction in the isolated rat CSM. (9) 1.02 ± 0.10 (9) SAPK/JNK 1.03 ± 0.09 (9) 1.07 ± 0.11 (9) ERK1/2 1.02 ± 0.07 (9) 0.95 ± 0.13 (9) MMP-9 1.16 ± 0.20 (9) 0.99 ± 0.19 (9) MMP-2 0.92 ± 0.13 (8) 0.91 ± 0.11 (9) Values are the means ± S.E.M. Number within parentheses indicates the number of isolated preparations. GAPDH gene was used as housekeeping gene. 186x271mm (300 x 300 DPI) D r a f t Figure 5 . Effects of chronic ethanol consumption on MMP-9 (A) and MMP-2 (B) activity in the rat plasma. Right panels: representative zymograms of MMP-9 and MMP-2 in the plasma of rats. The marker lane shows the bands corresponding to gelatinases (225, 92 and 72 kDa) in whole blood. Standard shows the 72 kDa band (MMP-2) and the 92 kDa band (MMP-9), which was used to normalize the data and allow comparisons between gels. Left panels: corresponding bar graphs show densitometric data for MMP-9 and MMP-2 in the plasma of rats. The results are shown as the means ± S.E.M. of 7 to 10 experiments.
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